
TIMES pre-training session

Economic rationale of the TIMES model



▪ Partial equilibrium → only the energy market is considered
• Flows & prices of energy system commodities are given by the model solution
• These flows and prices are computed at equilibrium

• The model gives a solution that maximizes net surplus

Economic rationale in the TIMES model

Amount produced by suppliers = Amount purchased by consumers

Net surplus is maximized at equilibrium

TIMES economic rationale



Supply and demand curves for an energy carrier

▪ E.g., commodity = natural gas
▪ Can be produced & consumed by 

various processes
▪ Each “step” refers to a distinct 

mix of technologies 
• “Step-wise” or “piece-wise” linear 

because TIMES is a linear 
optimization model under standard 
settings

▪ Demand may also be elastic to 
prices

Resource quantity

Resource price

Supply curve

Demand curve

Resources depleted, replaced by 
other costlier alternatives

Step width  resource availability, potential

Demand fulfilled by 
costlier supply options at 

higher prices



C

pC

A

C’
pC’

Maximization of consumer surplus

▪ At point C, consumer pays price pC 
for quantity qC

▪ Consumer surplus is calculated as 
the area between demand curve 
and line CpC 
• Area ACpC  ≡ consumer gain

▪ How to increase consumer gain?
• Move point C down the demand curve 

to C’; then, area AC’pC’ > area ACpC

▪ When is this consumer gain 
maximized?
• Going down to C’’ → need to account for 
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Consumer seeks to maximize gain 
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Maximization of producer surplus

▪ At point S, producer sells commodity 
at price pS for quantity qS

▪ Producer surplus is calculated as the 
area between supply curve and line 
SpS 
• Area BSpS  ≡ producer profit

▪ How to increase producer profit?
• Move point S up the supply curve to S’; 

then, area BS’pS’ > area BSpS

▪ When is this producer profit 
maximized?
• When we move all the way to point E
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Producer seeks to maximize profit 

Both consumer surplus and producer surplus are maximized at point E

Supply: Producer



Maximization of total surplus (1)

▪ At price p(1) 
• Consumer surplus: area AC(1) p(1)  
• Producer surplus: area BC(1) p(1) 
• BC(1) p(1)   >>>   AC(1) p(1) 

▪ Net surplus is not maximized!
▪ How to maximize net surplus?
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Maximization of total surplus (2)

▪ At price p(2) 
• Producer surplus: area BS(2) p(2)

• Consumer surplus: area AS(2) p(2)  
• AS(2)p(2)    >>> BS(2) p(2) 

▪ Net surplus is not maximized!
▪ How to maximize net surplus?
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Total surplus maximized at equilibrium

▪ At equilibrium point E, 
• Consumers pay price pE to 

consume exactly quantity qE

• Producers sell at price pE to 
produce exactly quantity qE

▪ Also, at equilibrium point E,
• Net surplus is maximized
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↑↓
Supply-demand equilibrium is 

reached



Thank you!
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